Background: For Transcarpathian region, with a pronounced landscape diversity of territories and significant areas of nature reserves, well water is an important source of drinking water. Screening of the microelement composition of drinking well water in Transcarpathia has not been carried out before. The microelement composition of such well water can be considered as the natural (baseline) indicator of quality. Methods: We screened of the microelement (Cu, Zn, Fe, P, Ca, Mg, Mn, Mo, Co, As, Se, I, Br and F) composition of drinking well water in Transcarpathian region (for all 13 districts). Standard methods were used to determination the concentration of chemical elements in well water: electrothermal atomic absorption spectroscopy (Cu, Zn, Fe, Mn, Mo, Co), flame photometry (Ca, Mg), inverse voltammetry (total iodine), potentiometry (F, Br), fluorimetric (Se) and spectrophotometric methods (P, As). Results: The content of chemical elements in well water varies over a wide range, in particular for Cu: 3.27-11.6 
Introduction
Water is the foundation of life and an indispensable natural resource. Potable fresh water has particular value. Unfortunately, a significant number of people in the world do not have access to good quality and safe drinking water. The quality of drinking water, whether surface or groundwater, has a significant impact on the human health [1, 2, 3] . Therefore, a number of works are devoted to assessing the risk for human health from the quality of drinking water [4, 5, 6] . In general, monitoring of the quality of waters, including drinking waters, is an urgent task [7, 8, 9] . Programs and monitoring systems are developed [10, 11, 12, 13] .
In a number of countries around the world, well waters, which can be sensitive to pollution of both of natural and anthropogenic origin, play an important role as sources of drinking water [14] . Assessment of the quality of well and groundwaters suitable for drinking or other purposes is carried out in several countries of the world [15, 16, 17, 18] , especially if they have significant sources of pollution. In most cases, the quality assessment and monitoring of drinking well water is carried out according to standard physicochemical or microbiological parameters [19, 20] , but drinking water is an important source of microelements for humans. The microelement composition of drinking well water in Transcarpathia has not been assessed previously, while more than half of the region's population use well water as a source of drinking water. Such assessment is relevant for several reasons. Firstly, Transcarpathia has a pronounced geological and geochemical diversity (elevation difference from 100 m to 2100 m), more than half of the region belongs to mountainous or foothill areas. Moreover, within one district, the elevation difference can exceed 1 km. Secondly, the young Carpathian Mountains have high tectonic and geological activity, which can affect the microelement composition of groundwater. About half of the area of the region is covered by forests, more than 13% is the territory of the nature reserve zone, so the microelement composition of groundwater can reflect the geochemistry of different regions (natural quality). Thirdly, the aquifers of Transcarpathia are unprotected and only about 20% are relatively protected.
In this study there are presented the results of screening of the microelement composition of well drinking water of Transcarpathia for 14 chemical elements (total content), which play an important role in human life. The study covered all areas of the region taking into account the topographic and geochemical features of the territories.
Materials and methods

Sampling and sample preparation
The study was carried out in the summer of 2018. Samples of drinking well water were taken from a depth of 4-10 m, depending of the source. Within each district, 10 samples of well water by volume of 1.0 L were taken, taking into account the area of the district, topographic and geochemical conditions. The sample was averaged proportionally. Well water parameters were determined in the same day in the laboratory without preservation of the sample. The location of the research areas taking into account the landscape diversity is shown in Figure 1 . The study was carried out in three landscape areas: mountainous area (3 districts: Rakhiv, Mizhhirya and Vokjvets), foothill area (6 districts: Svaliava, Tiachiv, Velykyi Bereznyi, Perechyn, Irshava and Khust) and lowland area (4 districts: Uzhhorod, Mukachevo, Beregove and Vynogradiv). Figure 1 shows that the studied lowland areas (Uzhhorod, Mukachevo, Berehove and Vynohradiv districts) are located within the Transcarpathian deflection. The foothill territories (Perechyn, Velykyi Bereznyi, Svaliava, Irshava, Khust and Tiachiv districts) are located in different territories and cover the Volcanic Carpathians, Marmara massif, outer flysch areas and partially inner covers and rock zones. Mountain areas (Rakhiv, Mizhhirya and Volovets districts) are located on the outer flysch areas (Krosno Zone) and the inner covers and rock zones.
To compare the results, we used bottled drinking water of natural origin (Transcarpathian region).
Geology of Transcarpathian region
Detailed information on the geology of the Transcarpathian region (including the studied territories) is represented in the work [21] . 
Analytical methods and instruments
All chemicals used were analytical grade, and double-distilled water used throughout the work. Standard methods were used to determination the concentration of chemical elements in well water [22] . Electrothermal atomic absorption spectroscopy (graphite furnace) was used to determine Cu, Zn, Fe, Mn, Mo, and Co (λ, nm: Cu -324.8, Zn -213.9, Fe -248.3, Mn -279.5, Mo -313.3, Co -240.7). Studies were performed on AAS vario® 6 (Analytik Jena AG, Germany). As a chemical modifier used Pd(NO 3 ) 2 ("Suprapur®", Merck, Germany). Determination of Ca and Mg content was carried out by flame photometry (λ: Ca -423 nm, Mg -385 nm, FPA-2-01, LLC Labtime, Russia). The total iodine content was determined by inverse voltammetry (complex Ecotest-VA-iodine, Russia). The determination of F and Br was carried out by potentiometric method (SevenCompact S220, Mettler Toledo, USA), Se -by fluorimetry method (λabs ¼ 378 nm, λem ¼ 520 nm, Hitachi F-7000, Hitachi Ltd., Japan). The P and As contents were determined by spectrophotometric method (Shimadzu UV-2600, Shimadzu Co., Japan).
Statistics and mapping
This used standard statistical methods, such as the Pearson's and Spearman's correlation coefficients in the software SPSS Statistics (IBM) and OriginPro (OriginLab Corporation).
The program ArcGIS 10.2.1 [23] was used to map the territory of Transcarpathian based on the results of screening the microelement composition of well drinking water.
Results and discussion
The results of determination of the microelements of drinking well water are presented in Tables 1, 2 , and 3. The results of the study show that drinking well water in Transcarpathia is relatively rich in microelements. The microelement composition of well waters in Transcarpathia can be considered as a natural (baseline) indicator of quality. The gradation of the content of microelements in drinking well water in different landscape zones is obviously due to the geochemical features of the territories.
Compared with bottled drinking water, Transcarpathian well drinking water is richer in microelements. . In individual water samples, the Fe content exceeds the recommendations [24] , therefore, iron should be removed before drinking this water. Relatively high Fe content in well water is characteristic of all landscape zones of Transcarpathia ( Figure 3 ). We can see that no pronounced pattern of distribution of Fe in well drinking water for different landscape areas of Transcarpathia is observed. So, a relatively high Fe content is observed in the well water of the Mizhhiryi district (mountainous area), within the Velykyi Bereznyi and Perechyn districts (foothill area), as well as in the Vynogradiv district (lowland area). It should be noted that the problem of high content of Fe in surface and groundwaters is typical for Transcarpathia. In surface and underground water sources the content of Fe can reach up to 6-8 mg⋅L
À1
. In the drinking well waters of Transcarpathia, a relatively high content of Cu and Zn is observed, which is typical for copper-zinc geochemical provinces. The Cu content in well water varies between3.27 -11.6 μg⋅L À1 , and Zn -between 8.16 -38.2 μg⋅L
. These indicators comply with drinking water quality standards. For Cu and Zn, a pronounced trand of their distribution in well water of different landscape areas is shown, which can be observed for Zinc (Figure 4 ). It can be seen that the well water of the mountainous area contains less Zn than the water of foothill areas and, accordingly, lowlands area. So, the average Zn content in the well waters of the mountainous area is 9.36 μg⋅L
, in the waters of the foothill area -18.6 μg⋅L
, and in the waters of the lowlands area -31.6 μg⋅L À1 (Table 1) (Table 1 ).
The patterns of the distribution of microelements in drinking well water, which are observed for Cu and Zn, are characteristic of most Note: * -mountainous area; ** -foothill area; *** -lowland area. ) is observed. The problem of iodine and fluorine deficiency is typical for Transcarpathia [25] , especially for mountainous landscape area. Trends in the content of trace elements in well waters in different landscape areas were estimated using Spearman's coefficients.
The content of trace elements in the waters of different landscape zones increases in the series: lowland area > foothill area > mountainous area (Spearman's coefficients: Cu -0.62, Zn -0.85, Mn -0.69, Mo -0.83, Co -0.79, P -0.74, As -0.72, Se -0.75, I -0.80, Br -0.91, F -0.73).
The content of Calcium and Magnesium in the well waters of Transcarpathia is quite high (Ca: 85-139 mg⋅L
, Mg: 9.7-18.9 mg⋅L À1 ), however, there is no pronounced regularity of their content for different landscape areas. The ratio of Calcium to Magnesium (Ca/Mg) in the well waters of Transcarpathia also does not have a pronounced regularity 
Conclusion
Based on the screening of the microelement composition (14 chemical elements) of drinking well water in Transcarpathia, patterns of the distribution of chemical elements in waters of different landscape areas were established. It is shown that the chemical composition of well water can be considered as the natural (baseline) indicator of quality of groundwater in Transcarpathia, taking into account topographic and geochemical features of the territories. The content of most microelements (Cu, Zn, Mn, Mo, Co, As, Se, I, Br, and F) in the well waters of mountainous areas is much lower than in the waters of foothill and lowland areas. Several problems of drinking well water in Transcarpathia have been identified. Firstly, it is a relatively high content of Fe in water 
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